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25 amazing researchers to make our 
country 100% renewable
EPFL VALAIS-WALLIS : A HOLISTIC RESEARCH FRAMEWORK
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CO2 capture and reuse

Long term electricity storage 
Energy and resources Audits
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DO WE HAVE REALY A PROBLEM OF ENERGY ?
1.5 hours
time needed to supply our yearly needs
6500 years
number of years we can survive if we store
 1 year of solar energy received
Sun
FOOD
0.25 l oil eq./day





Waste : 1.3 kg/day
Bio-waste : 0.7 kg/day










































Decomposition under high pressure 
and temperature











10 100 l Oil/year/cap
GLOBAL WARMING








Temperatures higher then 
dry bulb for human body ?
FOSSIL CARBON EMISSIONS
82
Topic 3 Future Pathways for Adaptation, Mitigation and Sustainable Development
3
Limiting warming with a likely chance to less than 2°C rela-
tive to pre-industrial levels would require substantial cuts in 
anthropogenic GHG emissions4025 by mid-century through large-
scale changes in energy systems and possibly land use. Limit-
ing warming to higher levels would require similar changes but 
less quickly. Limiting warming to lower levels would require 
these changes more quickly (high confidence). Scenarios that 
are likely to maintain warming at below 2°C are characterized by a 
40 to 70% reduction in GHG emissions by 2050, relative to 2010 levels, 
and emissions levels near zero or below in 2100 (Figure 3.2, Table 3.1). 
Scenarios with higher emissions in 2050 are characterized by a greater 
reliance on CDR technologies beyond mid-century, and vice versa. 
Scenarios that are likely to maintain warming at below 2°C include 
more rapid improvements in energy efficiency and a tripling to nearly 
a quadrupling of the share of zero- and low-carbon energy supply 
from renewable energy, nuclear energy and fossil energy with carbon 
dioxide capture and storage (CCS) or BECCS by the year 2050 (Figure 3.2b). 
The scenarios describe a wide range of changes in land use, reflecting 
















































































































580–720 ppm CO2-eq 530–580 ppm CO2-eq 480–530 ppm CO2-eq 430–480 ppm CO2-eq
Figure 3.2 |  Global greenhouse gas (GHG) emissions (gigatonne of CO2-equivalent per year, GtCO2-eq/yr) in baseline and mitigation scenarios for different long-term concentration 
levels (a) and associated scale-up requirements of low-carbon energy (% of primary energy) for 2030, 2050 and 2100, compared to 2010 levels, in mitigation scenarios (b). {WGIII 
SPM.4, Figure 6.7, Figure 7.16} [Note: CO2-eq emissions include the basket of Kyoto gases (carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) as well as fluorinated gases) 
calculated based on 100-year Global Warming Potential (GWP100) values from the IPCC Second Assessment Report.]
40 This range differs from the range provided for a similar concentration category in AR4 (50 to 85% lower than in 2000 for CO2 only). Reasons for this difference include that this 
report has assessed a substantially larger number of scenarios than in AR4 and looks at all GHGs. In addition, a large proportion of the new scenarios include CDR technologies. 
Other factors include the use of 2100 concentration levels instead of stabilization levels and the shift in reference year from 2000 to 2010. Scenarios with higher emission levels 





+1.5 °C COP 21 target
IPCC AR5 (2015)
0 net Fossil carbon emissions in 2070




IS IT POSSIBLE TO MAKE A COUNTRY 
AUTONOMOUS ?
• without CO2 emissions
• without importing energy
• without reconstructing the whole infrastructure












E[kJp/hab/an] = ⌘e[kJp/kJe] · ⌘s[kJe/kJs] · ed[kJs/an/m2] · dhab[m2/hab] · hab[hab]
























HOW  TO SUPPLY HEAT IN BUILDINGS ?
WHAT THERMODYNAMICS TELLS US ?
Nicolas Léonard Sadi CARNOT (F)
1796 - 1832
Energy to buy





For 10 units of heat take 9 in the environment and buy one in form of electricity
E˙ = Q˙(1  Tcold
Thot
)














WHAT IS WRONG ?





HEAT PUMP IS THE SOLUTION
Electricity







· Q˙ · (1  Tcold
Thot
)
⌘Carnot = 0.55 =
E˙min
E˙
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The energy source for heat pumps : photovoltaics
2.4cts Abu Dhabi 
1.8cts Saudi Arabia 
4.0cts USA
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Integration of renewable energy sources in the built environment
ImportExportSelf-consumption
Multi-energy grids
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m2 PV/m2 heated Single family house - 160 m2 - Heat pump
100%
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Solutions with heat pump & PV as a function of investment
Single family house 1980 Heat pump/ no renovation
Investment : +180 CHF/month/100 m2 i.e. + 4% real estate value (geneva, CH)
Operation : -100 CHF/month of Oil avoided (50 $/bbl)
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(a) 19 billion CHF/yr for factor 5 CO2 emissions reduction 
(b) Boiler replace by heat pumps before renovation  
(c) PV and renovation
CH-Map of solution no 50 (upper investment bound)
Self-sufficiency maps
Further reduction needs seasonal storage
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Stadler P, Girardin L, Ashouri A and Maréchal F (2018) Contribution of Model Predictive Control in the Integration of Renewable Energy Sources within the Built Environment. Front. Energy Res. 6:22. doi: 10.3389/fenrg.2018.00022

























































Gassner et al., Energy and Environmental Science 5, no. 2 (2012):
Biomethanisation
Hydrothermal gasification
Synthetic Natural Gas Gassner et al., Energy and Environmental Science 5, no. 2 (2012):
Gassner et al.,, Energy & Environmental Science 4, no. 5 (2011): 1742.
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Efficiency : 20 %
Artificial photosynthesis :  13-16 % Solar efficiency 
captured
CO2
L. Wang, et. al. Optimal design of solid-oxide electrolyzer based power-to-methane systems: A comprehensive comparison between steam electrolysis and co-electrolysis. Applied Energy (211), 2018, 1060-1079. 













Gassner, Martin, and François Maréchal. "Thermo-economic optimisation of the integration of electrolysis in synthetic natural gas production from wood." Energy 33.2 (2008): 189-198.
CO2 sequestration
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Primary  Energy Content
SNG Production
SNG Production with P2G
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High Temp Heat from Wood Gasif.
Manure & Sludge Digestates (HTG)
Commercial & Industrial Organic Waste
(HTG)
Green Waste (HTG)
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• Replacing oil boilers
Integrating Renewable Energy Sources : Biogas + PV+ Power2gas
Seasonal storageBioSNG




Figure 1 – Coûts totaux d’investissement par an pour un système de 2000 blocs
locatifs modernes
Figure 2 – Quantités d’énergie annuelles importée ou exportée par le bâtiment/
produite ou consommée par les unités du bâtiment - Système de 2000 blocs locatifs
modernes
4
Figure 9: Multi-objective optimization solutions for an urban feeder in west Switzerland. Top: District-
level (A) and building-level (B) solutions are represented by the bars on the left and right respectively
(abbreviations in nomenclature). Bottom: The self-consumption and self-su ciency are denoted by
continuous and dotted lines respectively
Figure 10: Urban feeder power profile for (left) day 222 - relative investment threshold✏inv =60% and
(right) day 72 - relative investment threshold ✏inv =60%
15
Left : building design 
Right : district design





HEAT PUMP IS THE SOLUTION
Electricity
Waste heat : 30°C
Waste water : 13-20 °C
Ground water : 10 °C







· Q˙ · (1  Tcold
Thot
)




New buildings 30 °C
Ecole Polytechnique 
Fédérale de Lausanne
REACH THE GOOD RESOURCES
SUPPLY WHAT IS NEEDED
Electricity
75%







D. Favrat, C. Weber, CO2 based district energy system, U.S. Patent 2010018668
CO2













DHvap = 160 kJ/kg

















Pressure = 50 b





















Pressure = 50 b






















DHvap = 160 kJ/kg
Pressure = 50 bar











ADD THE PIPES IN THE PEDESTRIAN WAYS
1.8. CO2 vs. cold water: On technical issues.
Refrigerant networks: 
















330 mm 280 mm
CO2 network: 
Single wall pipes installed in 
utility tunnels under sidewalks 
Flow split equally between the 






625 mm 625 mm
Cold water network: 
Single wall pipes buried under a road
Design load: 600 kN (SLW 60) 
A
CB
Design load: 600 kN (SLW 60) 
Φvap: 230 mm
Φliq:  200 mm
Figure 1.47 – Scale representation of the cross-section of the different networks discussed in
this study. Part A: CO2, R1234yf and R1234ze networks using double wall pipes that are buried
under a heavy traffic road. Part B: Cold water network using single wall pipes that are buried
under a heavy traffic road. Part C: CO2 network using single wall pipes, installed in utility
tunnels under the pavement on both sides of a road. In Part A and B, the light gray rectangles
show the approximate size of the excavation required, for part C the excavation required is
assumed to correspond to the space required by the two utility tunnels.
A further leap in compactness could come from installing the pipes on both side of a road
inside small utility tunnels buried right under the pavement, as it is shown at Fig. 1.47 - part
C. In this concept, the design load could be reduced, as only in exceptional circumstances
high external loading would apply. It also has the advantage of allowing easier inspection and
maintenance work, with a possibility of continuing operation on the leg located the other
side of the road. The tunnels would have to be designed such as to include the necessary
safety measures defined through the MAO procedure (See description at 1.6.3) and those
required by standards and regulations. The comparison of the cross sections of the trenches is
119
Instead of putting them underground
Temperature 17 °C
DHvap = 160 kJ/kg


















Pay back 6 years

























PV efficiency = 20 %
Full roofs area covered (30 m2/cap)
Remaining energy to import

















































































































PV efficiency = 20 %
Total capacity
=> 70% Needs
=> 40% Self consumption

















































R.  Suciu et al. , Energy integration of CO2 networks and Power to Gas for emerging energy 
autonomous cities in Europe, ECOS 2017 Proceedings 






8 CHF/day/cap 25 m2 PV/cap
After
1 m pipe/cap 12 kg CO2/cap
Storage : 1 m3/cap














































ORC and steam Rankine cycle




Combined fuel and heat
17%
2%products
EPOS - Enhanced energy and resource Efficiency and Performance 
in process industry Operations via onsite and cross-sectorial Symbiosis 
This project has received funding from the European Union’s Horizon 2020 research and innovation 
programme under grant agreement No 679386 
This work was supported by the Swiss State Secretariat for Education, Research and Innovation 
























SYMBIOSIS IN INDUSTRY                                                                                                        
www.spire2030.eu/epos 6/8
WP1 - 0-6m progress
WP1: T1.1: understand different sectors
T1.2: define system settings to reach this goal
T1.3: develop roadmap to monitor progress
• cf 0-6m action plan
• review literature & industry practice
• capture state of RE/IS art via LESTS surveys
• develop first business cases - INEOS Lavéra & Hull
• quantify first IS benefits - INEOS Lavéra & Hull
• draft long-list of potential (non)tech IS in PI
• techs, tools, practices, services, drives, gaps, actors, ...
• set system parameters & indicators










Heat and mass (waste) exchanges















Gassner, Martin, and François Maréchal. "Thermo-economic optimisation of the integration of electrolysis in synthetic natural gas production from wood." Energy 33.2 (2008): 189-198.
CO2 sequestration










Combined heat and fuel
excess electricity
SATISFYING THE SWISS ENERGY NEEDS
Industrial needs













Hybrid and range extenders vehicles
CO2 capturing in fuel powered vehicles





Dimitrova, Zlatina, and François Maréchal. "Environomic design for electric vehicles with an integrated solid oxide fuel cell (SOFC) unit as a range extender." Renewable Energy 112 (2017): 124-142
Power plant : 3.5 kWe (eff. >70%)




































Autonomy : 950 km















Dimitrova, Zlatina, and François Maréchal. "Environomic design for electric vehicles with an integrated solid oxide fuel cell (SOFC) unit as a range extender." Renewable Energy 112 (2017): 124-142


























Autonomy : 950 km





























































• Sun : for the energy supply
• Mother Nature : to show us the way to store energy 
• Carnot : to show us the importance of ambiance
• Industry : to give us the technologies
• Engineers : to assemble and use the technologies in the right way at the right time
• Research : to educate the population that solutions exists
• (Authorities) : to develop education system and the infrastructure
• (Finance) : to ethically use (our) money for the right goals
Ecole Polytechnique 
Fédérale de Lausanne
LRÉCH
Thank You !
